The growth performances of DZ-white and Improved Horro chickens in three different agro-ecological zones were evaluated in the present study. 861 day-old unsexed chicks were randomly assigned to a 2×3 factorial arrangement in CRD involving two breeds (DZ-white and Improved Horro), three locations (Debre Berhan-L1, MelkaWerer-L2and Mekelle-L3 characterized as highland, lowland and midland respectively). FI, ADG, FCR. BW, BW gain and mortality were measured. Data were analyzed by GLM procedure of SAS .The result revealed that effect of breed on Initial BW,BW, BW gain, ADGFI was significantly (P ≤ 0.05) higher and FCR was significantly (P ≤ 0.05) better for DZ-white breed during the starter and grower phase. Among the locations significantly (P ≤ 0.05) higher BW was recorded on L1 and L3 at both phases. During the starter phase significantly (P ≤ 0.05) higher BW gain and ADG was recorded in the birds kept in L1 and L3. Birds consumed significantly (P ≤ 0.05) more feed on L1 during the starter phase. However, significantly (P ≤ 0.05) more feed were recorded on L1 and L3 during the grower phase and better FCR was recorded in L3 at both phases. Mortality was significantly (P ≤ 0.05) higher on L2at both phases. There was a significant (P ≤ 0.05) breed by location interaction for FI both at starter and grower phase and BW at grower phase. DZ-white exhibited the highest at L1 and L3, followed by DZ-white at L2 and Improved Horro at L3 and the lowest one was recorded for Improved Horro at L1 and L2.DZ-white was significantly (P≤0.05) superior in feed intake at L1 followed by Improved Horro at L1 and significantly (P≤0.05) lower feed intake was recorded in both breeds at L3 during the starter phase. However, DZ-white was significantly superior in feed intake at L1, followed by DZ-white at L3 and significantly (P≤0.05) lower feed intake was recorded in the Improved Horro across the location and DZ-white at L2 during the grower phase. In conclusion, the results of this study have demonstrated that DZ-white breeds had significantly enhanced speed of weight gain as well as growth and good feed conversion ratio. However, this study has also shown that Improved Horro chickens breeds have the genetic ability to grow fast if properly managed. Both chicken breeds are well adapted in highland and midland agro-ecology zone and their production performance was better than the chicken kept in lowland agro-ecology zone.
Introduction
Poultry has been increasingly recognized as one of the entry points to address the problems of malnutrition, food insecurity, low income and poverty as a whole. In fact, Dei et al. (2009) argue that poultry is a profitable venture and eventually a tool for livelihood improvement and poverty alleviation in the developing countries (Sharma, 2007; Ekka et al, 2016) . Moreover, it occupies a unique position in terms of its contribution to the provision of high quality protein food to rural smallholder farming families in Africa (Sonaiya et al., 1999) , Asia and particularly in Ethiopia (Tadelle and Ogle, 2001) .
Although the sector have been contributing substantially to household income and nutrition for majority of poor rural communities (Alabi et al., 2006) , its expansion has been limited by low productivity. Poor management practices, high prevalence of diseases and low genetic potential of the stock have been the main factors associated with low productivity of the sector (Lwelamira, 2007) . Therefore, for improving performance of local chickens and productivity of the sector, interventions on genetic potential improvement through appropriate breeding programs and defining production environments were imperative. Consequently; this will increase the genetic potential for both eggs and meat and make a substantial contribution to reduce poverty and malnutrition among rural and urban poor (LMP, 2015) .
In Ethiopia as an alternative approach to improving production levels, a breeding program of indigenous chicken was initiated in 2008 using chicken from Horro region; with objectives of improving village chicken productivity through selective breeding for higher productivity and a more optimal adaptive capacity to withstand harsh condition than unselected population (Nigussie et al., 2010) . The breeding program successfully increased average body weight at 16 weeks by about 74 % and egg number of 24 weeks after on-set of egg lying by 21% from generation 4 to 6 (Wondmeneh, 2015) . In parallel to Horro breeding program in 2009 DZARC developed a synthetic breed known as DZ-white. DZ-white has been synthesized from Lohman silver, Koekoek and Rhode Island White (RIW) line. The main purpose of crossing DZ-white chickens was to develop breeds for the semi intensive or the substandard production system for contributing to the improvement of living conditions of Ethiopian women and youth farmers.
The work presented here is part of an on-going project to produce a synthetic chicken population through cross breeding scheme. The improved Horro and DZ-white obtained in the breeding program has made tremendous progress within ongoing evaluations made at DZARC for 10 (Improved Horro) and 5 (DZ-white) generations. However, growth performance of DZ-white has never been evaluated at different agro ecological zones of the country and also the growth performance of Improved Horro has limited information in different agro-ecological zones.it was found important to evaluate the growth performance of these breeds in different agro-ecological zones of the country before they are released to the end users. Therefore, the objective of this study was to evaluate the growth performances of DZ-white and Improved Horro chickens in three different agro-ecological zones of Ethiopia.
Materials and Methods

Description of the Study Area
The study was conducted in three different agro-ecological zones of Ethiopia; Debre Berhan(faji temperate fruits and related farm), Mekelle (Mekelle University)and Melka Werer (Werer Agricultural Research Center)which were characterized as highland, midland, and lowland, respectively. Debre Berhan is located at the distance of 120 km North East of Addis Ababa. The area is located at latitude of 9°36`N and 39°38`E longitude; it is situated at an altitude of 2828 meters above sea level. The mean annual rainfall of the area ranges from 781 to 1279 mm. The maximum and minimum temperature is 24°c and 6.1°Crespectively. It has sub moist humidity 62.3% (EIAR, 2004) .
Mekelle is located at the distance of 783 Km North East of Addis Ababa. The area is located at 39° 29`E and 13° 30` N at an altitude of 2000 meters above sea level. The climate is semi-arid with a mean annual rainfall of 619mm and the annual maximum and minimum temperature is about 29.9°C and 11.8°C, respectively (BoPED, 2011).
Melka Werer is located in the Southern part of the Afar National Regional State, about 280 km east of Addis Ababa. The geographical location of the study area is between 9° 16' N, longitude 40°9' E and at an altitude of 750 meters above sea level. The climate is typically semi-arid with annual average rainfall 590 mm. Its average monthly temperature is about 26.7 °C with maximum temperature of 40.8 °C and minimum 26.7 °C (EIAR, 1988).
Fig1. Location Map of Study area.
Experimental Breeds
The chicken breeds used in the study were Improved Horro and DZ-white (synthetic breed from Lohman silver, KK and RIW). The predominant plumage color for male and female Improved Horro chicken is a reddish brown or medium to light brown. On the other hand the predominant plumage color of DZ-white for both males and female is completely white. In this study a total of eight hundred sixteen one day-old chicks (both sex) were used ( Table 1) .
Experimental Design
The experiment was arranged in 2×3 factorial experiments in Completely Randomized Design (CRD) involving two breeds (DZ-white and Improved Horro) and three locations (Debre Berhan-L 1 , MelkaWerer-L 2 and Mekelle-L 3 .
Housing and management
Eggs were hatched using the hatchery units of the poultry division at DZARC following standard procedures of the pass reform hatchery machines. After hatching, each chick was vaccinated against Marek's disease with HVT strain, weighed and randomly allocated to the chick box and transported to their experimental location. At the time they reached their experimental location, the chicks were randomly allocated to experimental pens in corrugated iron house with partial open-side which has a wire net on the open sides. Each location had 6 separate pens of an equal size, each pens were installed using mesh wire partitions. They were placed in deep litter pens, using a teff (Eragrostis teff) straw as litter material and light was provided according to Bovans browns breed management guide for 6 weeks. All experimental chickens were fed with starter rations (Table 2) for a period of 0-8 weeks and a grower ration for period of 9-16 weeks. Feed and water was provided ad libitum during the brooding and growth phases. The experimental chicks were vaccinated against Newcastle disease on day 5 with HB1 and on day 28 and 60 with Lasota strain; against Infectious Bursal Disease on day 7 and 21; with gumboro vaccine and against Fowl typhoid on day 45. Antibiotics and vitamins were supplied for all chicken flocks under study when disease was suspected in a pen. The same raring and vaccination were followed throughout the experimental period for all locations.
Data Collection Body weight measurements
Body weight of the chicks were taken at the beginning and recorded as initial weight. Then, the average body weight was measured every 7 days using a sensitive balance by weighing chicks in each pen. The overall average body weight for each treatment was then computed by taking an average values for the replication. 
Feed intake and feed conversion ratio (FCR)
A weighed amount of feed was offered once daily at 08:00 am every day and the refuse was collected next morning every day and weighed after removing external contaminants by visual inspection and hand picking. The feed offer and refuse were recorded for each replicate. Feed conversion ratio (FCR) was measured dividing the feed consumed by the live weight gain within consecutive weeks.
Mortality
Mortality was recorded daily as encountered throughout the experimental period and expressed as percent mortality at the end of the experiment.
Statistical Analysis
Growth data were analyzed by General Linear Model's procedures of Statistical Analysis System (SAS) version 9.3 (SAS, 2010).
Y ijk =μ+α i +β j +(αβ) ij +e ijk Where: Y ijk = the dependent variables for the i th and j th observation µ = overall mean effect, α i = the i th effect of two breed effect β j = is the j th effect of the three environment; (αβ) ij =interaction of main effect e ijk = the random error variation
Results
The initial BW of chicks at day-old showed highly significant difference (P≤0.001) between breeds. DZwhite were significantly (P≤0.05) higher and significantly (P≤0.05) lower initial BW was recorded in Improved Horro breed. Location had no significant effect (P≥0.05) on initial BW (Table 3 ). On the other hand the interaction between breed and location ( Table 4 ) showed nearly similar with no significant differences (P≥0.05).
The effect of breed and locations on BW (BW8 and BW16), BW gain and ADG of chicks during the starter and grower phase are shown in (Table 3 and 5). The BW (BW8 and BW16), showed highly significant difference (P≤0.001) between breeds, the DZ-white exhibit the highest BW8 (540.78g) and BW16 (1433.07g) and the lowest BW8 (469.55g) and BW16 (1179.87g) was recorded in Improved Horro. The main effect location revealed that the BW8 and BW16 for the birds kept in L1 and L3 was highest (P≤0.05) as compared to those birds kept in L2. On the other hand, BW8 showed values with no significant differences (P≥0.05) between interaction effects of breed and location (Table 4 ). However a significant (P≤0.05) difference noted between the two-way interaction effects of breed and location on BW16, DZ-white exhibited the highest at L1 and L3, followed by DZ-white at L2 and Improved Horro at L3 and the lowest one was recorded for Improved Horro at L1 and L2 ( Table 6 ).
The BW gain and ADG for DZ-white was highest (P≤0.001) as compared to Improved Horro both at starter and grower phase. From location main effect, BW gain and ADG was significantly (P≤0.05) higher in L1 and L3 and significantly (P≤0.05) lower in L2 during the starter phase (Table 3 ). However, BW gain and ADG showed values with no significant differences during the grower phase ( Table 5 ). On breed by location interaction (Table 4 and 6) BW gain and ADG showed values with no significant differences (P≥0.05) both at starter and grower phase.
As shown in (Table 3 and 5), significantly (P≤0.05) higher feed intake was observed in DZ-white compared to the Improved Horro during the starter and grower phase. There was also a significant (P≤0.05) difference between locations. Birds consumed significantly (P≤0.05) more on L1 followed by L2 and consumed low amount (P≤0.05) on L3 during the starter phase. However, birds consumed significantly (P≤0.05) more on L1 and L3 and consumed low amount (P≤0.05) on L2 during the grower phase. The effect of breed by location interaction (Table 4 ) on the other hand, indicated that DZ-white was significantly (P≤0.05) superior in feed intake at L1 followed by Improved Horro at L1 and significantly (P≤0.05) lower feed intake was recorded in both breeds atL3 during the starter phase. However, DZ-white was significantly superior in feed intake at L1, followed by DZ-white at L3and significantly (P≤0.05) lower feed intake was recorded in the Improved Horro across the location and DZ-white at L2 during the grower phase (Table 6) .
As shown in (Table 3 and 5), the main effect of breed showed that DZ-white had significantly (P≤0.05) improved feed conversion ratio (FCR) over Improved Horro during the starter and grower phase. The main effect location revealed that significantly (P≤0.001) higher FCR was observed in birds kept at L3 as compared to birds kept at L1 and L2 during the starter phase (Table 3) . However significantly (p<0.5) higher FCR was recorded in L3 and significantly lower FCR was observed in L2 during the grower phase (Table 5 ). From the interaction effect, FCR showed values with no significant differences (P≥0.05) between the two-way interaction effects of breed and location ( Table 4 and 6) .
In this study, there was no significant (P≥0.05) difference on breed main effect for mortality during the starter and grower phase. From location main effect, significantly (P≤0.05) higher mortality was recorded in L2 as compared to L1 and L3 due to unidentified diseases (UD). The higher values due to UD were 10.78% and 17.66% during starter and grower phase respectively ( Table 3 and 5). However, there was no significant difference (P≥0.05) between interaction effects of breed and location both at starter and grower phase (Table 4 and 6). 
Discussion
Body weight is the direct reflection of growth and it influences the production and reproduction traits of birds. In the present study the results on body weight at eight and sixteen weeks of age were significantly different in the two breeds. The significant genotype differences in body weight between the chicken showed that this trait is highly influenced by genetic factors and this agrees with reports of several authors (Mohammed et al., 2005; Adedeji, et al., 2006) . Wondmeneh, (2015) also recorded differences in body weights among different chicken breeds from 8 to 20 weeks of age. DZ-white chicken tended to record higher weights than the Improved Horro counterparts during the starter and grower phase, the mean average weight recorded for the unsexed DZ-white chicken at 16 week rearing period was about 192.6 g higher (P < 0.05) than in unsexed Improved Horro chicken. Wondmeneh, (2015) reported body weights of 428.9±0.9 at 8 weeks and 873.4±1.9 at 16 weeks in Horro chicken which were lower than the present estimates. The body weights of DZ-white at 16 weeks were comparable with the Potchefstroom koekoek which was 1399-1700.71g at 20 weeks of age (Wondmeneh et al., 2012) ,On another hand the observed body weights in DZ-white in this studies was higher than the one reported by Wondmeneh, (2015) for Bovan brown at 16 weeks of age under on station management.
The growth performance of chicken is mostly affected by the environment, which reflects the differences in geographic location. In this study Chickens in L1 and L3 had higher body weight than those in L2; this is because of the difference weather among the locations. Similar to the present study the result of Alem (2014) reported that, the average weight of mature males (cocks) was significantly higher (P<0.05) in midland than in lowland agro-ecology in Ethiopia. Regarding the interaction effects, during the growth phase similar to the present study the result of Kayitesi, (2015) reported Kuroiler chickens reared in Gulu district were significantly heavier (P<0.05) than those Kuroiler chickens reared in Kiryandongo district.
Breeds of chickens have different genetic potential for growth and this explains why DZ-white chicken had faster rate of growth as compared to Improved Horro during the starter and grower phase. These results suggest that the lower chick weight and weight gain in Improved Horro might be attributable to breed differences. Correspondingly, this has also been shown by Nigussie et al. (2011) who reported that the growth of chickens is moderately dependent on genetics of the chickens. Reta et al. (2012) also got different performance between two breeds of chicken in Ethiopia. Moreover, differences in weight gain among different breeds and strains reported (Enaiat et al., 2010; Bekele et al., 2010; Ewonetu, 2017) . The growth performance of chicken in L1 and L3 performed better than those in L2 during the starter phase. The results of the present study agreed with those of Mutayoba et al. (2012) which showed that growth of local chickens in Tanzania significantly differed (P< 0.05) between locations. However, there was no variation in BW gain and ADG among location during the grower phase; this is in line with (Lu et al., 2007) who reported no difference between chickens exposed to different levels of temperatures in terms of BW gain.
Breed significantly influenced feed intake (P<0.05), these results are alike to the findings of Abiola et al. (2008) who observed that daily feed intake of chickens increased with increase in the weight of chicks and varies from breed to breed. Breed effect on feed intake among chickens raised in various systems have been also reported (Tadelle et al., 2003; Reta et al., 2012; Wondmeneh, 2015) . Feed intake can be affected by many factors, but the main one is the environmental conditions such as the weather including the temperature of the region (Ferket and Gernat, 2006) . This explains why the feed intake was different among location during the study period. This finding is also Supported by a report (Osti, 2017) , who state a significantly different feed intake among the different climatic zones. Similar to the present study the result of Kayitesi, (2015) reported that chickens reared in Gulu district had a higher feed intake than those in Kiryandongo. This study further showed significant (p<0.5) difference in the effect of breed by location interaction.
Results on FCR in the present study were significantly different in the two breeds as DZ-white was significantly better in FCR than Improved Horro. The observed breed effects in affecting feed conversion ratio were in agreement with the reports of (Udeh et al., 2015) . This study further showed significant difference among location. The results of the current study is in line with (Osti, 2017) , who state a significantly different FCR among the different climatic zones
The results of the current study were in-line with the reports of Benyi et al.(2015) , who found that mortality rate was not affected by breed. On the other hand this study result disagreed with a report of (Reta et al. 2012; Wondmeneh, 2015; Ewonetu, 2017) .who found significant differences in mortality for different breed. Geographic location can influence the survival rate of chickens, this explains why location had effect on the mortality in this studies which is in-line with Aberra et al. (2013) and Alem (2014) who reported that chickens in midland of Ethiopia survive better than chickens in other agro-ecological zones. The higher mortality rate in L2 is in agreement with the findings of Azoulay et al. (2011) who found high mortality rate under hot environmental conditions.
Conclusion
The results of this study have demonstrated that DZ-white breeds had significantly enhanced speed of weight gain as well as growth and good feed conversion ratio compared to the Improved Horro breed at the starter and grower phase. However, this study has also shown that Improved Horro chickens breeds have the genetic ability to grow fast if properly managed. The study also showed that both chicken breeds are well adapted in highland and midland agro-ecology zone and their production performance was better than the chicken kept in lowland agroecology zone. Higher mortality due to unidentified diseases could be one of the reasons for the poor production performance of the lowland agro-ecology zone observed in the current study. Generally the study indicate that significant improvement in poultry production in Ethiopia is possible through the replacement of less productive chicken breeds with these breeds and a combination of sound environmental and nutrition management.
